Attorney Docket No. 36856.603 
EDGE -REFLECTION SURFACE ACOUSTIC WAVE FILTER 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to edge-reflection 
surface acoustic wave filters using surface acoustic waves 
of the SH (shear horizontal) type such as BGS (Bleustein- 
Gulyaev-Shimizu) waves and Love waves, and more specifically, 
the present invention relates to an edge-reflection surface 
acoustic wave filter in which the structure of electrode 
fingers near reflection edges of interdigital transducers 
(hereinafter abbreviated as IDTs) is significantly improved. 

2 . Description of the Related Art 

Edge-reflection surface acoustic wave filters have been 
used, for example, in bandpass filters for communications 
apparatuses. Fig. 12 is a schematic plan view showing an 
example of an edge-reflection surface acoustic wave filter 
according to the related art. The edge-reflection surface 
acoustic wave filter 101 includes a rectangular plate-type 
piezoelectric substrate 102. The piezoelectric substrate 
102 has a first edge 102a and a second edge 102b disposed 
opposite to each other. On a top surface of the 



piezoelectric substrate 102, IDTs 103 and 104 are provided. 
The IDTs 103 and 104 have a pair of comb electrodes 103a and 
103b and a pair of comb electrodes 104a and 104b, 
respectively. The comb electrodes 103a, 103b, 104a, and 
104b have a plurality of electrode fingers 103a!, a 
plurality of electrode fingers 103b 1; a plurality of 
electrode fingers 104a x , and a plurality of electrode 
fingers 104b! , respectively. The electrode fingers 103a! and 
the electrode fingers 103b x are interdigitated with each 
other. Similarly, the electrode fingers 104a! and the 
electrode fingers 104b! are interdigitated with each other. 

The electrode fingers 103a x to 104b! extend in a 
direction that is parallel to the edges 102a and 102b. 

In the edge-reflection surface acoustic wave filter 101, 
when an input voltage is applied to the IDT 103, a surface 
acoustic wave of the SH type is excited and reflected at the 
edges 102a and 102b. The surface acoustic wave reflected 
between the edges 102a and 102b generates a standing wave, 
and the resonance characteristics associated with the 
standing wave appear in the output from the IDT 104. 

In the edge-reflection surface acoustic wave filter 101, 
of the electrode fingers 103ai to 104b!, electrode fingers 
103b lx and 104a ix that are located at an outermost position 
in the direction of propagation of surface acoustic waves 
(refer to Fig. 12) are arranged such that the outer edges 



thereof are aligned along the edges 102a and 102b. This is 
because the electrode fingers 103b lx and 104a lx are formed by 
cutting a mother piezoelectric substrate to form the edges 
102a and 102b after a plurality of IDTs has been formed on 
the mother piezoelectric substrate. 

However, the electrode fingers 103b lx and 104a lx 
adjacent to the reflection edges 102a and 102b are 
susceptible to damage in the cutting process, inevitably 
causing variation in filter characteristics. 

With regard to the type of edge-reflection surface 
acoustic wave resonator using only one IDT, a method of 
reducing variation in characteristics due to damage to 
electrode fingers adjacent to reflection edges has been 
proposed. More specifically, Japanese Unexamined Patent 
Application Publication No. 60-41809 discloses a method of 
forming reflection edges at positions that are spaced by a 
distance that is equal to an integer multiple of X/2 (X is 
the wavelength of surface acoustic wave) from the centers of 
the outermost electrode fingers in the direction of 
propagation of surface acoustic waves. According to the 
disclosure, because the reflection edges are located at 
positions that are spaced by a distance that is equal to an 
integer multiple of X/2 from the centers of the outermost 
electrode fingers in the direction of propagation of surface 
acoustic waves, the electrode fingers are not susceptible to 



damage in the cutting process for forming the reflection 

edges, whereby variations in resonance characteristics are 

* 

reduced. 

The method according to the related art reduces 
variations in resonance characteristics of an edge- 
reflection surface acoustic wave resonator. However, when 
the method is applied to an edge-reflection surface acoustic 
wave filter, because the positions of the reflection edges 
are altered, filter characteristics become approximate to 
those in a case where the number of electrode fingers of IDT 
is increased. For example, if two IDTs having ten pairs of 
electrode fingers are disposed at an IDT interval of 1^, the 
distance between the centers of the outermost electrode 
fingers on both sides is 2lX. If reflection edges are 
disposed at a distance of 2 x X/2 (X/2 multiplied by an 
integer n, now assuming n = 2) from the centers of the 
outermost electrode fingers of the IDTs, the distance 
between the reflection edges is 23X. The filter 
characteristics in this case are approximate to those in a 
case where two IDTs having eleven pairs of electrode fingers 
are disposed at an IDT interval of lA, and reflection edges 
are disposed at the centers of the outermost electrode 
fingers. As a result, the bandwidth is reduced and the 
desired filter characteristics are not achieved. 



SUMMARY OF THE INVENTION 

In order to overcome the problems described above, 
preferred embodiments of the present invention provide an 
edge-reflection surface acoustic wave filter which 
eliminates variations in characteristics which are caused by 
damage to electrode fingers, while still achieving desired 
filter characteristics. 

According to a preferred embodiment of the present 
invention, an edge-reflection surface acoustic wave filter 
using SH type surface acoustic waves includes a 
piezoelectric substrate having a first edge and a second 
edge disposed opposite to each other, the first and second 
edges defining reflection edges, and at least two 
interdigital transducers including electrode fingers and 
being disposed on the piezoelectric substrate, wherein at 
least one outermost electrode finger in the direction of 
propagation of surface acoustic waves on the side of at 
least one of the reflection edges is removed. 

As a result of this unique structure and arrangement of 
elements, desired filter characteristics are achieved 
without causing variations in filter characteristics or 
altering bandwidth, or other undesirable results. 
Furthermore, spurious components at frequencies lower than 
the passband are minimized. 

According to another preferred embodiment of the 



present invention, an edge-reflection surface acoustic wave 
filter using SH-type surface acoustic waves includes a 
piezoelectric substrate having a first edge and a second 
edge disposed opposite to each other, the first and second 
edges defining reflection edges, and at least two 
interdigital transducers including electrode fingers and 
disposed on the piezoelectric substrate, wherein at least 
one outermost electrode finger in the direction of 
propagation of surface acoustic waves on the side of at 
least one of the reflection edges is constructed as a 
floating electrode finger so as not to be electrically 
connected to any of the other electrode fingers. 

As a result of this unique structure and arrangement of 
elements, desired filter characteristics are achieved 
without causing variations in filter characteristics or 
altering bandwidth, or other undesirable results. 
Furthermore, spurious components at frequencies lower than 
the passband are minimized. 

According to another preferred embodiment of the 
present invention, an edge-reflection surface acoustic wave 
filter using SH-type surface acoustic waves includes a 
piezoelectric substrate having a first edge and a second 
edge disposed opposite to each other, the first and second 
edges defining reflection edges, and at least two 
interdigital transducers including electrode fingers and 



disposed on the piezoelectric substrate, wherein withdrawal 
is performed so that at least one outermost electrode finger 
in the direction of propagation of surface acoustic waves on 
the side of at least one of the reflection edges is 
connected to the same potential as an adjacent electrode 
finger . 

As a result of this unique structure and arrangement of 
elements, desired filter characteristics are achieved 
without causing variations in filter characteristics or 
altering bandwidth, or other undesirable results. 
Furthermore, spurious components at frequencies lower than 
the passband are minimized. 

According to another preferred embodiment of the 
present invention, an edge-reflection surface acoustic wave 
filter using SH-type surface acoustic waves includes a 
piezoelectric substrate having a first edge and a second 
edge disposed opposite to each other, the first and second 
edges defining reflection edges, and at least two 
interdigital transducers including electrode fingers and 
disposed on the piezoelectric substrate, wherein the width 
of at least one outermost electrode finger in the direction 
of propagation of surface acoustic waves on the side of at 
least one of the reflection edges is such that the distance 
between the outermost electrode finger and an adjacent 
electrode finger is less than the distance between other 



electrode fingers in the interdigital transducer to which 

•i 

the outermost electrode finger belongs. 

As a result of this unique structure and arrangement of 
elements, desired filter characteristics are achieved. 
Furthermore, because the outermost electrode finger is made 
wider, the electrode finger becomes unsusceptible to damage 
which may occur during the cutting process for forming the 
edges, thereby minimizing variations in filter 
characteristics . 

The electrode fingers of the at least two interdigital 
transducers may be split electrodes. Split electrodes refer 
to IDT electrode fingers split into a plurality of electrode 
finger segments connected to the same potential. 

Accordingly, desired filter characteristics can be 
achieved without causing variations in filter 
characteristics. Furthermore, spurious components at 
frequencies lower than the passband are minimized. 

The type of the edge- reflection surface acoustic wave 
filters according to the present invention are not 
specifically limited, and may be, for example, a 
longitudinally coupled resonator filter, a transversally 
coupled resonator filter, or a ladder filter. 

Accordingly, desired filter characteristics can readily 
be achieved while also eliminating variations in filter 
characteristics. Furthermore, spurious components at 



frequencies lower than the passband are minimized 
effectively. 

According to another preferred embodiment of the 
present invention, a duplexer includes at least one edge- 
reflection surface acoustic wave filter according to any of 
the various preferred embodiments of the present invention 
as described above. 

According to another preferred embodiment of the 
present invention, a communication apparatus includes a 
duplexer according to the preferred embodiment of the 
present invention as described above. 

Accordingly, variations in characteristics are 
eliminated, desired band characteristics can readily be 
achieved, and selectivity is greatly improved. 

Other features, characteristics, characteristics and 
advantages of the present invention will become more 
apparent from the following detailed description of 
preferred embodiments thereof with reference to the attached 
drawings . 

BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 is a plan view of an edge-reflection surface 

acoustic wave filter according to a first preferred 

embodiment of the present invention; 

Fig. 2 is a graph showing the frequency characteristics 



- 10 - 



of the edge-reflection surface acoustic wave filter 
according to the first preferred embodiment and an edge- 
reflection surface acoustic wave filter according to a 
related art prepared for the purpose of comparison; 

Fig. 3 is a plan view of an edge-reflection surface 
acoustic wave filter according to a second preferred 
embodiment of the present invention; 

Fig. 4 is a plan view of an edge-reflection surface 
acoustic wave filter according to a third preferred 
embodiment of the present invention; 

Fig. 5 is a plan view of an edge-reflection surface 
acoustic wave filter according to a fourth preferred 
embodiment of the present invention; 

Fig. 6 is a plan view showing a modification of the 
edge-reflection surface acoustic wave filter according to 
the first preferred embodiment of the present invention; 

Fig. 7 is a graph showing the frequency characteristic 
of the edge-reflection surface acoustic wave filter 
according to the second preferred embodiment and the edge- 
reflection surface acoustic wave filter according to the 
related art; 

Fig. 8 is a schematic plan view showing the electrode 
structure of a transversely coupled resonator filter to 
which the present invention is applied; 

Fig. 9 is a schematic plan view of a ladder filter to 
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which the present invention is applied; 

Fig. 10 is a schematic plan view of a duplexer 
according to a preferred embodiment of the present 
invention; 

Fig. 11 is a schematic construction diagram of a 
communications apparatus according to another preferred 
embodiment of the present invention; and 

Fig. 12 is a plan view showing an example of edge- 
reflection surface acoustic wave filter according to the 
related art. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 
Edge-reflection surface acoustic wave filters according 
to preferred embodiments of the present invention will now 
be described with reference to the accompanying drawings. 

Fig. 1 is a plan view of an edge-reflection surface 
acoustic wave filter according to a first preferred 
embodiment of the present invention. The edge-reflection 
surface acoustic wave filter 1 is preferably a 
longitudinally coupled resonator filter. 

The edge-reflection surface acoustic wave filter 1 
includes a substantially rectangular plate piezoelectric 
substrate 2. The piezoelectric substrate 2 is polarized 
along the direction labeled as P. The piezoelectric 
substrate 2 may be made of various materials, including a 
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piezoelectric single crystal of LiTa0 3 , LiNb0 3 , or other 
suitable material, and piezoelectric ceramic materials such 
as lead zirconate titanate ceramic materials, or other 
suitable materials. 

Alternatively, the piezoelectric substrate 2 may be 
formed by disposing a piezoelectric thin film such as a ZnO 
thin film on an insulating substrate made of an insulating 
material such as alumina, for example. 

The piezoelectric substrate 2 has a first edge 2a and a 
second edge 2b disposed opposite to each other. On a top 
surface 2c of the piezoelectric substrate 2, a first IDT 3 
and a second IDT 4 are disposed. The IDTs 3 and 4 have a 
pair of comb electrodes 3a and 3b and a pair of comb 
electrodes 4a and 4b, respectively. 

The comb electrode 3a has a plurality of electrode 
fingers 3a x . Similarly, the comb electrodes 3b, 4a, and 4b 
have a plurality of electrode fingers 3b x , a plurality of 
electrode fingers 4a x , and a plurality of electrode fingers 
4b x , respectively . 

The electrode fingers 3a x of the comb electrode 3a and 
the electrode fingers 3b 1 of the comb electrode 3b are 
interdigitated with each other. Similarly, the electrode 
fingers 4a x of the comb electrode 4a and the electrode 
fingers 4b 1 of the comb electrode 4b are interdigitated with 
each other. 
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The electrode fingers 3a x to 4b x extend in a direction 
that is substantially parallel to the edges 2a and 2b. 

The edge-reflection surface acoustic wave filter 1 
according to this preferred embodiment is characterized in 
that the outermost electrode finger in the direction of 
propagation of surface acoustic waves is removed in each of 
the IDTs 3 and 4. More specifically, as shown in Fig. 12, 
in the edge-reflection surface acoustic wave filter 101 
according to the related art, the outermost electrode 
fingers 103b lx and 104a lx in the direction of propagation of 
surface acoustic waves are disposed along the edges 102a and 
102b. In contrast, in this preferred embodiment, as shown 
by dashed lines A and B in Fig. 1, the outermost electrode 
finger in each of the IDTs 3 and 4 in the direction of 
propagation of surface acoustic waves is removed. That is, 
in the IDTs 3 and 4, a plurality of electrode fingers are 
disposed at an interval of approximately A,/4 along the 
direction of propagation of surface acoustic waves, with the 
outermost electrode finger in the direction of propagation 
of surface acoustic waves on the side of each of the edges 
2a and 2b, i.e., electrode fingers which are supposed to be 
located along the edges 2a and 2b, are removed. 

In the edge-reflection surface acoustic wave filter 1, 
the outermost electrode fingers in the direction of 
propagation of surface acoustic waves, indicated by the 
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dashed lines A and B, are removed. Thus, when the edges 2a 
and 2b are formed by cutting a mother piezoelectric 
substrate in the thickness direction after the IDTs 3 and 4 
have been formed on the mother piezoelectric substrate, 
damage to the electrode fingers is substantially prevented, 
thereby minimizing variations in filter characteristics. 

Furthermore, because the positions of the edges 2a and 
2b are the same as in a case where the outermost electrode 
fingers are disposed at the positions indicated by the 
dashed lines A and B, desired filter bandwidth can readily 
be achieved. 

More specifically, the edges 2a and 2b are located at 
approximately X/2 from the centers of electrode fingers 3a ly 
and 4b ly , respectively, which are disposed outermost in the 
direction of propagation of surface acoustic waves among the 
electrode fingers that are actually formed on the substrate. 
The positions of the edges 2a and 2b coincide with the outer 
edges of the removed electrode fingers indicated by the 
dashed lines A and B, respectively. More specifically, 
because the width of the electrode fingers disposed at the 
positions indicated by the dashed lines A and B is usually 
about X/8, the edges 2a and 2b are disposed along the outer 
edges of the removed electrode fingers indicated by the 
dashed lines A and B, respectively. 

Next, an actual experiment will be described. 
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Fig. 2 is a graph showing the frequency characteristics 
of the edge-reflection surface acoustic wave filter 
according to the first preferred embodiment and an edge- 
reflection surface acoustic wave filter according to the 
related art prepared for the purpose of comparison to the 
present invention. The edge-reflection surface acoustic 
wave filter 1 according to the present preferred embodiment 
was implemented by using a piezoelectric substrate 2 having 
the dimensions of approximately 1.4 x 2.0 x 0.35 (thickness) 
mm and made of LiTa0 3/ and forming IDTs 3 and 4 on the 
piezoelectric substrate 2. The number of pairs of electrode 
fingers of the IDT3 was 20, and the number of pairs of 
electrode fingers of the IDT4 was 14, i.e., the total number 
of pairs of electrode fingers was 34. The overlap width of 
the electrode fingers was about 0.4 mm, and the width of the 
electrode fingers was about 0.005 mm. 

The edge-reflection surface acoustic wave filter 
prepared for the purpose of comparison was constructed in 
the same manner as the above-described preferred embodiment 
of the present invention except that electrode fingers 
having a width of X/Q were formed at an outermost position 
in the direction of propagation of surface acoustic waves 
along the reflection edges, i.e., the construction of the 
edge-reflection surface acoustic wave filter was as shown in 
Fig. 12. 
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In Fig. 2, a solid line C represents the frequency 
characteristics in the preferred embodiment described above, 
and a dashed line D represents the frequency characteristics 
in the related art. 

As is apparent from Fig. 2, because the positions of 
the reflection edges were the same as in the related art, 
reduction in the bandwidth was extremely small. Furthermore, 
because the outermost electrode fingers were removed in the 
present preferred embodiment of the present invention, 
spurious components at frequencies lower than the passband, 
more specifically, in the vicinity of about 185.2 MHz, were 
attenuated, thus significantly improving selectivity. 

Fig. 3 is a plan view of an edge-reflection surface 
acoustic wave filter according to a second preferred 
embodiment of the present invention. The construction of 
the edge-reflection surface acoustic wave filter 11 is 
preferably substantially the same as that of the edge- 
reflection surface acoustic wave filter 1 according to the 
first preferred embodiment except for the structure of 
outermost electrode fingers in the direction of propagation 
of surface acoustic waves. Thus, the same elements are 
designated by the same reference characters, and the 
description of the first preferred embodiment applies for 
details thereof. 

In the edge-reflection surface acoustic wave filter 11, 



the outermost electrode fingers 3b lx and 4a lx of the IDTs 3 
and 4 are electrically connected to none of the other 
electrode fingers 3a x to 4b x . That is, the electrode fingers 
3b lx and 4a lx are constructed as floating electrode fingers. 
The width of the electrode fingers 3b lx and 4a lx is 
preferably about X/8. 

According to the second preferred embodiment, in which 
the outermost electrode finger in the direction of 
propagation of surface acoustic waves on the side of each of 
the edges 2a and 2b is constructed as a floating electrode 
finger, similarly to the first preferred embodiment, desired 
filter characteristics can be achieved without causing 
variation in the filter characteristics. More specifically, 
because the outermost electrode fingers 3b lx and 4a lx in the 
direction of propagation of surface acoustic waves are 
constructed as floating electrode fingers, even if the 
electrode finger 3b lx or the electrode finger 4a lx is chipped 
when a mother piezoelectric substrate is cut to form the 
edges 2a and 2b, the filter characteristics are not 
significantly affected. Thus, variations in the filter 
characteristics are minimized. 

Furthermore, because the positions of the edges 2a and 
2b are the same as in the edge-reflection surface acoustic 
wave filter 101 according to the related art shown in Fig. 
12, similarly to the first preferred embodiment, the 
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bandwidth remains substantially the same as the filter 
characteristics of the edge-reflection surface acoustic wave 
filter 101. 

In Fig. 7, a solid line E represents the frequency 
characteristics of the edge-reflection surface acoustic wave 
filter 11 according to the second preferred embodiment, 
which differs from the edge-reflection surface acoustic wave 
filter according to the related art provided for comparison 
with the first preferred embodiment only in that the 
outermost electrode fingers 3b lx and 4a lx in the direction of 
propagation of surface acoustic waves are constructed as 
floating electrode fingers. 

In Fig. 7, for the purpose of comparison, the frequency 
characteristics of the edge-reflection surface acoustic wave 
filter according to the related art is shown by a dashed 
line D. 

Fig. 4 is a plan view of an edge-reflection surface 
acoustic wave according to a third preferred embodiment of 
the present invention. The construction of the edge- 
reflection surface acoustic wave filter 21 is preferably 
substantially the same as the first preferred embodiment 
except in that a process called "withdrawal" is performed so 
that the outermost electrode fingers 3a lx and 4b lx in the 
direction of propagation of surface acoustic waves are 
connected to the same potential as the adjacent electrode 
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fingers on the sides of the edges 2a and 2b, respectively. 
Thus, the same elements are designated by the same reference 
characters as in the description of the first preferred 
embodiment, and the description of the first preferred 
embodiment applies to those elements. 

In the edge-reflection surface acoustic wave filter 21, 
on the side of the edge 2a, the outermost electrode finger 
3a lx in the direction of propagation of surface acoustic 
waves preferably has a width of about X/8, and is disposed 
along the edge 2a. However, the electrode finger 3a lx is 
located on the side of the comb electrode 3a and connected 
to the same potential as an adjacent electrode finger 3a x . 
That is, as opposed to an ordinary IDT in which electrode 
fingers connected to one of the comb electrodes and 
electrode fingers connected to the other comb electrode are 
disposed alternately in the direction of propagation of 
surface acoustic waves, in this preferred embodiment, on the 
side of the edge 2a, two electrode fingers connected to the 
same potential are disposed adjacent to each other. The 
method, in which a region is partially provided where two 
adjacent electrode fingers are connected to the same 
potential, has been known as "withdrawal" weighting of IDT. 
In this preferred embodiment, on the side of each of the 
edges 2a and 2b, two outermost fingers in the direction of 
propagation of surface acoustic waves are connected to the 



same potential. 

When at least one outermost electrode finger in the 
direction of propagation of surface acoustic waves is 
connected to the same potential as an adjacent electrode 
finger as in the third preferred embodiment, even when a 
mother piezoelectric substrate is cut to form edges 2a and 
2b, variation in filter characteristics is prevented from 
occurring. More specifically, because the electrode fingers 
3a lx and 4b lx are connected to the same potential as adjacent 
electrodes, variation in filter characteristics does not 
occur even if the outermost electrode finger 3a lx and 4b lx 
are partially chipped . 

In this preferred embodiment as well, similarly to the 
first preferred embodiment, the positions of the edges 2a 
and 2b are determined in accordance with desired filter 
characteristics, and therefore, variation in filter 
characteristics such as bandwidth remain substantially 
unaltered. 

In the first to the third preferred embodiments, the 
outermost electrode fingers respectively on the sides of the 
edges 2a and 2b are removed, constructed as floating 
electrode fingers, or connected to the same potential as 
adjacent electrode fingers by a "withdrawal" process. 
However, such arrangement may be applied only on the side of 
one of the reflection edges of an edge-reflection surface 



acoustic wave filter. 

In the first to the third preferred embodiments, the 
outermost electrode finger in the direction of propagation 
of surface acoustic waves is 1) removed, 2) constructed as a 
floating electrode finger, or 3) connected to the same 
potential as an adjacent electrode finger. However, such 
arrangement may be applied to two or more outermost 
electrode fingers in the direction of propagation of surface 
acoustic waves. 

Fig. 5 is a plan view of an edge-reflection surface 
acoustic wave filter according to a fourth preferred 
embodiment of the present invention. The construction of 
the edge-reflection surface acoustic wave filter is 
preferably substantially the same as the first preferred 
embodiment except in that the width of the outermost 
electrode fingers 3b ly and 4a ly in the direction of 
propagation of surface acoustic waves respectively on the 
sides of the edges 2a and 2b is greater and in that the 
distance dl between the outermost electrode fingers 3b ly and 
4a ly and adjacent electrode fingers is less than the distance 
d2 between other electrode fingers. 

According to the fourth preferred embodiment, in which 
the width of the outermost electrode fingers in the 
direction of propagation of surface acoustic waves 
respectively on the sides of the edges 2a and 2b is greater, 
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similarly to the first preferred embodiment, desired filter 
characteristics can be achieved without causing variations 
in filter characteristics. More specifically, because the 
outermost electrode fingers in the direction of propagation 
of surface acoustic waves are greater, the electrode fingers 
are more unsusceptible to damage in the process of cutting a 
mother piezoelectric substrate to form the edges 2a and 2b, 
thus eliminating variations in filter characteristics. 

Furthermore, in this preferred embodiment as well, 
similarly to the first and the second preferred embodiments, 
the positions of the edges 2a and 2b are determined in 
accordance with desired filter characteristics. Thus, 
filter characteristics such as bandwidth remain 
substantially unaltered. 

In the first to the fourth preferred embodiments, the 
IDTs 3 and 4 preferably include so-called single electrodes. 
However, the IDTs 3 and 4 may include so-called split 
electrodes. Fig. 6 is a plan view showing a modification of 
the first preferred embodiment, i.e., an edge-reflection 
surface acoustic wave filter incorporating IDTs that include 
split electrodes. 

In the edge-reflection surface acoustic wave filter 31, 
IDTs 33 and 34 are disposed on a piezoelectric substrate 2. 
The IDTs 33 and 34 have a pair of comb electrodes 33a and 
33b and a pair of comb electrodes 34a and 34b, respectively. 



In the comb electrodes 33a to 34b, each electrode finger in 
the first preferred embodiment is split into two electrode 
segments. For example, as shown in Fig. 6, the electrode 
finger 3a x in Fig. 1 is split into two electrode segments 
3a la and 3a lb . Such an electrode finger having a plurality 
of electrode segments is referred to as a split electrode. 
According to the present invention, the IDTs may include 
split electrodes. 

In the edge-reflection surface acoustic wave filter 31 
shown in Fig. 6, similarly to the first preferred embodiment, 
the outermost electrode finger on each side is removed, as 
indicated by dashed lines G and H. 

In the first to the fourth preferred embodiments and 
the modification, the present invention is applied to 
longitudinally coupled resonator filters in which a 
plurality of IDTs is disposed on a piezoelectric substrate 
along the direction of propagation of surface acoustic waves. 
However, the present invention may also be applied to edge- 
reflection surface acoustic wave filters having different 
structures. Figs. 8 and 9 show other examples of edge- 
reflection surface acoustic wave filter to which the present 
invention is applied. 

Fig. 8 is a schematic plan view showing the electrode 
structure of a transversely coupled resonator filter 41, in 
which a first and a second IDTs 43 and 44 are arranged in a 
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direction that is substantially perpendicular to the 
direction of propagation of surface acoustic waves. Fig. 9 
is a schematic plan view showing the electrode structure of 
a ladder filter 51. 

In the transversely coupled resonator filter 41 shown 
in Fig. 8 and the ladder filter 51 shown in Fig. 9, by using 
constructions similar to the first to the third preferred 
embodiments on the side of at least one of the reflection 
edges, similarly to the first to the third preferred 
embodiments, desired filter characteristics such as 
bandwidth can be achieved without causing variation in 
filter characteristics. 

Next, the construction of a duplexer including an edge- 
reflection surface acoustic wave filter according to the 
present invention will be described with reference to Fig. 
10. 

Fig. 10 is a circuit diagram of the duplexer according 
to the present preferred embodiment. The duplexer 70 
according to the present preferred embodiment includes a 
pair of edge-reflection surface acoustic wave filters 
according to other preferred embodiments of the present 
invention described above. More specifically, input 
terminals 62 and 62 of the ladder filters 61 and 61 are 
commonly connected to define a first port 71. Output 
terminals 63 and 63 of the ladder filters 61 and 61 are used 



individually, respectively defining second and third ports 
of the duplexer 70. 

As described above, the duplexer 70 can be implemented 
by incorporating the pair of ladder filters 61 and 61. 

Furthermore, a communications apparatus can be 
implemented by incorporating the duplexer 70, an example of 
which is shown in Fig. 11. 

The communications apparatus 81 according to the 
present preferred embodiment includes the duplexer 70, a 
transmission circuit 82, and a reception circuit 83. The 
first port 71 of the duplexer 70 is connected to an antenna 
84, and the output terminals 63 and 63 defining second and 
third ports are connected to the transmission circuit 82 and 
the reception circuit 83, respectively. 

In the duplexer 70, the pair of ladder filters 61 is 

constructed so as to have different passbands, so that the 

antenna 84 can be used as a transmitting antenna and a 

receiving antenna. 

While preferred embodiments of the invention have been 

described above, it is to be understood that variations and 

modifications will be apparent to those skilled in the art 

without departing the scope and spirit of the invention. 

The scope of the invention, therefore, is to be determined 

solely by the following claims. 



